Introduction
Disturbance is an important factor in maintaining species richness in plant communities [1] .It operates on adult plants by providing regeneration niches for recruitmentif it has greater relative impact on dominant species [2] [3] [4] .Gap creation has been shown by many authors to be a key requirement for diversity maintenance in grassland communities [5] and necessary for successful seedling establishment of many species [6] , as many species are limited by microsite [7] , seed [8] .Gaps providean opportunity for regeneration from seed alreadypresent in the seed bank, existing vegetation, or byintroduction from outside the site.
Agropyron cristatumandStipakryloviihave the same photosynthetic pathway and are resistant to drought. In the eastern parts of typical steppes of Inner Mongolia, Stipa kryloviiis often a sub-dominant species with Leymus chinensis dominant, and Agropyron cristatum is mostly a companion species in a semi-arid grassland community [9, 10] . However, nearly 86% of these grasslands are facing degradation or have been degraded in recent decades due to excess reclamation and overgrazing. Climate change and human activities have amplified the magnitude of these disturbance events [11] .Creating gaps is favorable for re-vegetation of seedling establishment and survival is crucial for re-vegetation of degraded grassland [12] . Gaps providean opportunity for regeneration from seed alreadypresent in the seed bank or existing vegetation or byinvasion from outside the site [13] .There were few investigations on their seedling establishment under the gap disturbance in semi-arid grassland conditions. Results from this study may contribute to improved techniques for grassland restoration and reconstruction in northern China.
Materials and methods
The experiment was carried out in the Grassland Vegetation Restoration and Reconstruction Key Laboratory of China, Ministry ofAgriculture Experiment Station (41°52′N, 115°50′E, altitude International Forum on Energy, Environment and Sustainable Development (IFEESD 2016) 1370m), Saibei administrative region, Hebei province, China. Annual average rainfall range is 350-450mm, and is summer dominant, with an average of 70% falling during the growing season (late spring, summer and autumn). Mean annual temperate of the site is 1.41℃.The accumulated temperature ≥10℃ is 1513.1℃. The growing season lasts about 100 days. Soils on the study site were chestnut and a little alkaline, and the topography is flat (<1% slope). The natural dominant vegetation species are Leymus chinensis, Stipa krylovii, Artemisia eriopoda, Artemisia tanacetifolia and Cleistogense squarrosa.The main companion species were Bromus inermis, Agropyron cristatum and Poa annua.All the weather data was monitored with an automatic meteorological station whichis located in the center of the site.
Experiment was conducted in a split-plot design, and in each plot a randomized block design was used. The main plots consist of two different species separately(Agropyron cristatum, Stipa krylovii).The treatments were no gap (control),and shoot and root gaps each with diameters of 10, 20 and 40 cm.Both seeds(Agropyron cristatum, Stipa krylovii) were collected from the natural habitat in experimental area in the autumn of 2010. Before the sowing, the germination rate and thousand-grain weight of each species was determined.
Results and Discussion
Agropyron cristatum and Stipa krylovii showed a completely different response pattern of their seedling performance to gap disturbance.For Stipa krylovii, all seedling growth variables (height, tillers, leaves and dry weight per seedling) were positively related to gap size (Fig.3.A, B, C, D) . Gap type, gap size and their interactions affected seedling growth performance.Seedling growth variables (height, tillers, leaves and dry weight per seedling) were all significant, except for leaves of Agropyron cristatum.However, Agropyron cristatum's growth performance showed a significant negative effect with increasing gap size (Fig.4.E, F, G, H) . Seedling height in root gaps or shoot gaps significantly decreased as gap size increased, and the other performance (tillers, leaves and dry weight per seedling) showed the same trend ( Fig.1,2) .But all seedlings of Agropyron cristatumperformed betterintreatments than in the control. Gap size and root exclusion had significant effects on growth performances of both species. For Stipa krylovii, seedling growth performance was promoted by gap treatment, and all seedlings in root gap had higher growth performance than in shoot gaps, regardless of gap size. Too much work had been done to show the same results. For example, Cahill [14] showed that gaps provided areas of low belowground competitive intensities, this could give a better micro-site for seedlings growth.Armas and Pugnaire [15] and McConnaughay and Bazzaz [16] suggested that the presence of roots in soil might be important in creating physical barriers to seedling root growth. Gap area had important effects for plant establishment. However, in my study,Agopyron cristatum showed a significantly negative growth performance in gap treatments.This confirms the studies of Hanley, Fenner [17] and Louda and Rodman [18] , which assert that predation may be a key factor that affect the seedling growth. The larger the gap area, the less the above vegetation is, the higher chance of insect feeding, and due to the selectivity of insects feeding [17, 19] ,Agropyron cristatumcould be more palatableto insectssuch asgrasshoppers or weevils thanStipa krylovii.So the large sized gap disturbance appeared to be more favorable to Stipa krylovii, but small sized gap(10cm) disturbance produced the best growth performance of Agropyron cristatum.
Fig.2. Effects of gap disturbance on seedling performance of Stipa krylovii and Agropyron cristatum ( mean±SE， number of tillers, dry weight per seedling).
The results of this study point to the importance of microsite for establishment of native species in semi-arid grassland.The results showed a trend of decreased seedling survival as gap size increased. Gap disturbance significantly increased soil moisture, and slightly increased soil temperature, which could promote the seedling emergence and growth performance of both species compared to controls. Stipa krylovii appeared as a gap enhanced species. Gap size and root exclusion had significantly positive effects on seedling establishment. However, the performance of Agropyron cristatum was opposite that of Stipa krylovii, it suffered the limitation of new habitat, and its tolerance to predation was worse than that of Stipa krylovii. It's more palatable to grasshoppers and weevils. 
Conclusions
Generally, creating suitable micro-site by gap disturbance can give a better opportunity for the regeneration of native species. Gap disturbance increased the soil moisture and soil temperature compared to controls, and increased the germination rate of sowing seeds. However, different species differ in their response to gap disturbance.The bigger size gap was more favorable to the seedling establishment of Stipa krylovii.Agropyron cristatum only showed relatively good performance in small size gap, and the seedling establishment of Stipa kryloviiwas betterthan that of Agropyron cristatum. Predationsof insects played a certain role in regulating the community structure. It is due to the insects' food preference as well as the difference in tolerance between the two species.Stipa krylovii seedling establishment is facilitated by the availability ofnatural gaps. That's why Stipa krylovii is a sub-dominant species and Agropyron cristatum is a companion species in this semi-arid grassland.
